Introduction
The destruction of the world's forests, mainly in the tropics, releases about two billion tonnes of carbon per year. Thus, tropical deforestation accounts for about 25% of anthropogenic emissions of carbon dioxide (CO2) and 12% of total greenhouse gases (GHG). Recent figures by the FAO (2010) show that there are signs that deforestation numbers are decreasing in several countries, but nonetheless continue to grow at an alarmingly high rate in others. Climate change, in turn, is predicted to have farreaching impacts on global forests with most ecosystems and landscapes impacted through changes in species composition, productivity and biodiversity (Scholze et al. 2006 , Sitch et al. 2003 .
The Convention on Biological Diversity (2007) highlights that although ecosystems have adapted to changing conditions in the past, current changes are occurring at rates not seen historically, therefore, reductions in GHG can lessen these pressures, and give these systems time to adapt. Tropical forests not only contribute significantly to emissions through deforestation, but can also provide opportunities to lower CO2 levels by reducing the amounts from the atmosphere through a process referred to as the carbon cycle, driven by respiration and photosynthesis (Khatun et al. 2010) . In this study, we evaluate carbon stocks for the different forest types in Central America, broadly falling into sub-categories of dry, moist, wet and rain forests based on the Holdridge Life Zone (HLZ) system of classification. The HLZ classification provides a basis for defining local ecosystems in a globally comparable framework. The HLZ classification is coupled with projections from the ECHAM5, a comprehensive general circulation model (GCM), developed by the Max Planck Institute to incorporate the impacts of climate change under the Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions Scenarios (SRES) A2, A1B and B1 (IPCC 2000) . These consist of explorative scenario's that are given numbers A1, A2, B1 and B2, because of the difficulty to adequately capture the multifaceted nature of the scenarios by a short name (Munasinghe & Swart 1999) . The starting point for each projection was a narrative or "storyline", describing the way world population, economies and political structure may evolve over the next few decades. There are a number of studies that have used the HLZ classification system together with climate models; two based in Africa have looked at the impacts of climate change on global forest resources. The first by Dixon et al. (1996) is based in Cameroon and Ghana. The authors conclude that the areal distribution of West African forests is likely to shift resulting in subsequent loss of forests. The second study by Matarira & Mwamuka (1996) reaches the same conclusion for Zimbabwe; the two studies differ in their selection of GCM applied, these are the Geophysical Fluid Dynamics (GFDL) Model (Manabe & Wetherald 1987) , and the Goddard Institute of Space Studies (GISS) model (Hansen et al. 1983) , respectively. Other studies that have utilized the HLZ vegetation classification system, as a result of its simplicity as well as general accuracy, are by Post et al. (1982) and Smith et al. (1992) on carbon flux, whilst a number have focused on the structure and ecological characteristics of forests in various regions (Shugart 1998 , Lugo et al. 1999 . The former describes key ecological concepts, including vegetation/ climate relationships, landscape ecology and ecological modeling. A variety of ecological models are presented, and their applications in predicting responses to natural change. The latter study develops a map of the life zones for the United States, based on the HLZ system, as a tool for ecosystem mapping, and compares the map with other global vegetation classification and mapping efforts. A recent study using the HLZ classification system is by Enquist (2002) , where the mean annual precipitation and tempera- Keywords: Climate Change, Conservation, Forests, Holdridge Life Zones ture ranges are varied to reflect different magnitudes of climate change using spatial models generated in a Geographical Information System (GIS), and thus used to predict the distributions of nineteen forest types in Costa Rica. The author observes forest shifts and finds four out of the nineteen HLZ zones for the country to be particularly susceptible to climate change. Chen et al. (2003) also use the HLZ to study the possible response of life zones in China under doubled atmospheric CO2 concentration. They conclude that the latitudinal distribution of HLZ would become irregular due to climate change. The only study in Central America on carbon stocks is an economic assessment by Khatun (2011) , but does not use projections under climate change.
The objective of this study is to evaluate the impact on the areal distribution of the HLZ of tropical forest, and subsequently the carbon stocks in Central America in the present characterized by a baseline year (2000) and compare it with a future projected year (2100). Forest biomass, expressed in terms of dry weight of living organisms, is an important measure for analyzing ecosystem productivity and also for assessing energy potential and the role of forests in the carbon cycle. Carbon is closely correlated to and calculated directly from biomass and constitutes an important characteristic of the forest ecosystem (FAO 2010) . It features heavily in mitigation strategies currently under discussion such as reducing emissions under forest deforestation and degradation, referred to as REDD. Carbon storage is also the non-timber value most often included in forest accounts and can be equated directly with timber available in terms of biomass content (Khatun 2011) . In this study the area change of the HLZ is the model output, and carbon content derived from the biomass for each HLZ, which is then overlaid after the area change has been obtained -it is assigned as a demonstrative indicator of the implications for conservation, such as those under REDD. We make no assumption that the adopted approach automatically conveys a shift of the corresponding forest ecosystems with their typical average carbon stock.
Overall, Central America lost 19% of its forest between 1990 and 2005; in 1999, the rate of loss was estimated at about 2% annually in recent decades, among the highest of any region in the world (FAO 1999) . However, consistent with global trends, the deforestation rates are slowing. The drivers of deforestation in Central America are mainly due to timber extraction and land use change. Increasing income and population will continue to result in greater demands being placed on forest resources. Moreover, these same pressures will also increase the demands placed on forests for the other services they provide for the conversion of forests to alternative land uses to meet the escalating demands for food, water and fiber (FAO 2011) . On top of the stresses highlighted above, impacts from climate change in Central America are expected to be considerable. Based on the analysis of simulations from 21 GCMs showing temperature and precipitation changes over Central and South America. The IPCC Fourth Assessment Report summarizes the following for Central America: "All of Central and South America is very likely to warm during this century. The annual mean warming is likely to be larger than the global mean warming. Annual precipitation is likely to decrease in most of Central America, with the relatively dry boreal spring becoming drier.
[…]" (IPCC 2007) .
Therefore, there is clear merit in assessing the impacts of climate change on the different forest types in Central America. The areal distribution by forests type using the HLZ classification is assessed under three climate change scenarios A2, A1B and B1 and subsequently the significance for conservation options, and implications for land use planning more generally. This study can be of interest to stakeholders, in the land use sector (based on the type of land available for the nature of the land use), provide guidance to policymakers on conservation and mitigation strategies (i.e., in the case for REDD) in terms of the impacts of climate change on the tropical forest, at a regional scale and by forest types, as well as to economists wishing to assess ecosystem services provided by tropical forests, i.e., carbon, biomass and in many cases timber can be calculated from biomass (see Husch et al. 2003 , Khatun 2011 ).
Geographical location of study
Our study is located in the region of Central America, based on the physical definition which consists of seven countries: Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama. Central America is a topographically complex region divided in the Pacific and Caribbean watersheds by a cordillera that runs from south to north, sometimes reaching 4000 meters above sea level. The climate is tropical with a relatively small range in mean monthly temperatures across the year (compared to temperate zones). Precipitation has a bimodal pattern in that it divides the year in dry (from November to April) and wet seasons that are more pronounced in the Pacific watersheds, while the Atlantic side has yearround rains. Annual precipitation is highly variable (Magaña et al. 1999 ) and has also a decreasing north-south gradient. Evergreen forests cover pristine areas in the Atlantic watersheds and shift to drier savannahs in the northern countries and Pacific watersheds. In 2003, natural vegetation, including secondary forests and selectively logged forests, was estimated to cover 57% of Mesoamerica, of which 23% is primary forests (FAO 2010) . The remaining area was used mostly for crop and cattle production (42%) with 1-2% in urban and other land covers (DeClerck et al. 2010 ).
Methodology
The statistical information, including biomass, forest type, area, etc. are from a variety of sources: Centro Agronómico Tropical de Investigación y Enseñanza (CATIE), plus a number of Institutes including Food and Agricultural Organization (FAO), World Resource Institute (WRI), and the World Bank. The core variables remain the biomass (Tosi 1996) and the forest area, obtained from modeling the HLZ with ECHAM 5. Tab. 1 presents the tropical forest type or HLZ used in this study for Central America and their corresponding biomass.
The model and the HLZ classification
The HLZ classification system is an empirically based system that characterizes vegetation types of terrestrial ecosystems in equilibrium with its climate. The system can be visualized in a triangular coordinate system filled with hexagons that are formed by the intersection of three parameters: mean annual bio-temperature, annual precipitation and a potential evapotranspiration ratio, the latter being calculated using the first two parameters. The biotemperature estimates the average temperature where vegetation grows (between 0 and 30 °C - Holdridge 1947 Holdridge , 1967 To map the baseline life zones (those under current climate conditions) we used the high-resolution WorldClim dataset, version 1.4 (Hijmans et al. 2005 ) that provides monthly average of precipitation and temperature for the ~1950-2000 period at high resolution (1 km 2 pixel size). Life zones scenarios under future average-climate conditions were calculated using 10 realizations from the ECHAM5-GCM under low (3), medium (4) and high (3) emission scenarios (B1, A1B and A2, respectively) from the IP-CC-SRES (IPCC 2000) for the 2070-2099 period. The model is selected based on Conde et al. (2011) , which includes a ranking of all global GCM based on regional (for Mexico) and global performance to simulate current climate conditions and spatial resolution.
Evaluating the carbon baseline and potential of the Central American forests
The estimates of carbon in the forests are based on the UNFCCC definitions (IPCC 2000) which identifies five carbon pools: biomass for above ground (tree density, AB), biomass for below ground (roots, BG), litter (leaves, Li), dead wood (fallen trees and branches, DW) and soil (So). In this study we use above and below ground biomass to calculate carbon. The biomass can be converted to carbon content (Ccont) by taking half of the biomass (B) weight (the IPCC default value -eqn. 1):
where both Ccont and B are expressed in Mg ha -1 . The root biomass is typically estimated to be 20% of the aboveground forest carbon stocks (Gibbs et al. 2007 ).
The basic approach in the IPCC Guidelines for emissions and removals estimate that: Emission/removal = total area data · carbon stock changes / hectare. Carbon storage is based on calculating the difference or net in carbon stocks between a project and its baseline and a given point in time in the future. This method is referred to as the stock change method (IPCC 2000) . A positive net value determines the number of carbon credits that can be claimed in terms of monetary gain for a project. Here it is given by eqn. 2:
where Cproj are the carbon projections (Mg ha ). The main assumption made for this study is that we use the potential forested areas and not the actual forested areas for the Central American region, in that the model is based on current and projected outputs in the absence of human intervention. This is carried out with the purpose of observing forest behavior for two time periods. This assumption protects us from the uncertainties of future land use, agriculture, grazing, etc., over a hundred years for the region. Modeling all aspects of land use, particularly for both agriculture and forestry simultaneously would be desirable; however, such a framework is beyond the scope and capacity of this study.
Results and discussion
Tab. 2 shows that under the three scenarios we have lost the total number of HLZ from the baseline case. From this we can infer that under climate change we can expect to observe more topographic homogeneity on a country level under all scenarios. We can see the distribution of these zones in comparison to the baseline in Fig. 1a-d . Fig. 2 visualizes the results obtained from the outputs of the ECHAM5 model; it displays the area change under the three climate change scenarios A2, A1B, and B1 from the baseline.
The areal gains are occurring in the tropical variety of the HLZ classification of forest types, in moist, wet, rain, dry and very dry categories. A notable exception is Belize, where most of the HLZ forests appear to be shifting towards premontane moist forest. The biomass and thus the carbon stock for each of these forest types are different.
Tab. 3 shows the percentage difference from the baseline for carbon gains and losses under the HLZ classification for Central America for each of the IPCC scenarios. The distribution of the zones is noteworthy, in that they are uneven. In Belize, all the shifts are towards premontane moist forest, in El Salvador to tropical moist, in Guatemala to tropical wet, in Nicaragua and Honduras to tropical very dry and in Panama to tropical wet. Costa Rica is the only country that shows a little more distribution across the forests types. Across scales the results tell a different story, HLZ scale as can be seen from the country (average) numbers in Tab. 3. The percentages here represent the aggregated values for the whole country under the IPCC scenarios and are therefore on a much larger scale. Bigger gains are shown under B1 and where there are losses, these are smaller under the same scenario.
From our analyses it can be seen that a gain in dry forest at the zone level is typical under A2, and gains in wetter biomes show up under B1. Most of the countries here follow similar trends with the anomalies being Belize, Costa Rica and Panama. The former set shows the biggest gain to be in premontane moist forest, and apart from a small gain in the tropical moist forest category, the other HLZ, including tropical dry and wet forests, experience severe losses. Costa Rica is less of a variance, as all forest types in the tropical HLZ category gain, the exception being tropical dry forest experiencing a small loss of 7% under B1. The premontane rain forest also gains in Costa Rica. In Panama, tropical dry forest shows a loss under all climate change scenarios. At a country scale, the results are in line with the assumption that under B1, the less emission intensive scenario should show the most positive outcomes. However, as we have seen from the HLZ forest types in each country, the story is more complex. We may be gaining overall in carbon stock but at the expense of the loss of entire forest biomes, which are shifting to other types. Aside from the tropical HLZ, the other categories of forest type are all shown to be vulnerable to the impacts of climate change, the distribution among these are fairly even; one zone does not stand out to be significantly more vulnerable over another.
For carbon the biomass of the forest is paramount, and according to Murphy & Lugo (1986) the biomass is at a maximum on moist, rather than dry or very wet sites. Our results corroborate and show that drier forests in the tropical zones contain less biomass compared to moist and wet forests at the same elevation. Honduras and Nicaragua are nations that will lose virtually their entire forest area which will shift to the drier variety, experiencing a net loss, and zero benefits at a country level. All nations experience a more homogeneous landscape due to the reduction in the number of HLZ.
The results indicate that the effect of elevation-influenced temperature change is important for the maintenance of vegetation, consistent with findings by Enquist (2002) for the HLZ in Costa Rica. We have shown that ecological models predict climate change will shift the geographic distribution of tree Climate change and conservation strategies for central America species as well as entire biomes, but the question arises what such shifts mean for carbon and more broadly for conservation? On a pragmatic level, baselines for carbon accounting matter a great deal, where maximum carbon credits obtainable are the desired outcome, as in the case for REDD. However over time, should forest shifts occur as the research here illustrates, an important factor for conservation and mitigation activities is that focus should be not necessarily where carbon stocks are the greatest but where there will be a net positive in the projection year from the baseline year. Thus an important focus of policy and conservation efforts should be concentrated on where vulnerable biomes are at most risk, i.e., biomes that shift and/or reduce fall under the vulnerable category.
Other implications of the results are on the quantity and quality of water that flows over and through forests also changes, often for the worse (Cleanet 2013) . A considerable contribution that forests make towards the hydrological characteristics of watershed ecosystems is maintaining high water quality. Good forest cover is more effective than any other kind of land cover in keeping the water as sediment free as possible. Natural forest cover, debris and tree roots trap sediments and stop their down-slope movement, as well as provide the most effective barrier to splash-induced soil erosion, stabilize slopes and aid in the prevention of shallow landslides (Calder et al. 2007 ). Thus all aspect of forest biomass, and changes in it as in the case when forest trend towards drier, less biomass/carbon intensive types as is shown in this study, can thus reduce the amount of water received by rivers and aquifers, and could potentially restrict the availability of freshwater for other purposes.
The results demonstrate that over the studied time, the land type will change, and hence land use and the decisions around the land in question will be affected; this in turn will impact livelihoods, access to resources, and even agricultural practices of that landscape; thus this study can be a starting point for more in-depth work on the suitability of different land types and the subsequent uses and the changes of these uses over time as well as provide information for studies on biodiversity, species richness, and other Environmental Goods and Services (EGS), of different forest ecosystems.
Our study is in line with other papers where ecological models predict that climate change will shift the geographical distribution of tree species (Scholze et al. 2006 , Ravindranath et al. 2006 ) in a number of regions containing in the tropics. Ravindranath et al. (2006) found that 68-77% of the forest grids in the tropical regions of India are likely to experience shifts in forest types, signifying the vulnerability of tropical forest ecosystems to climate change. There are also indications of a shift towards wetter forest types in some regions and drier forest types in others in the absence of human influence. Cortez & Stephen (2009) 
Conclusion
The topographical landscape of Central America is very complex and diverse, and tropical forests represent a unique barometer for climate change response. An effort is necessary to start/continue considering these ecosystems as key elements for any monitoring of climate change in Central America and other tropical regions. Our results can contribute to some of these aspects, to guide and incorporate into conservation strategies, where an important focus and efforts should be concentrated on, where vulnerable biomes are at most risk. Indications of forest shifts should thus be taken into account when discussing future mitigation and conservation policies. A strong point of our approach is that differences between disaggregated regional and aggregate country levels can be compared. Country level gains are to be viewed with caution as they are diluting potential threats to forest ecosystems and can therefore be misleading. There is considerable uncertainty about future economic, climate and ecological conditions, therefore we must be careful not to interpret these scenarios as the only possible outcomes. A wider framework is needed to take all relevant impacts such as the impact of CO2 fertilization, land use, and economic aspects, all need to be taken into account simultaneously.
Forests are not just about carbon, an appreciation of the many functions, ecological, social and economic that are provided is required. As well as many other EGS, in addition to carbon, forest biomes act as habitats for much of the world's biological diversity, where richness of forest species can manifest in low and high carbon forests, and as regulators of local, regional and global environments. Countries will not be able to put 100% of their forests under conservation. The demand for forest products will require that some of those forests are used for production. Several governments, including Costa Rica, have passed policies to enhance the protection of forests. Many countries have developed eco-tourism as a means to generate revenue to protect forests (Khatun 2011) . This study can play a role and be a starting point of interest to those stakeholders, involved in resource management and development in the land use sector and can provide guidance to policymakers on the impacts of climate change for their nation's forests full stop. The extent and manner in which national and international policies will be interpreted for successful conservation initiatives designed in response to climate and sustainable development goals as to mutually reinforce one another is likely to be important.
